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A NOTE ON THE VALUE OF DIFFERENT INSECT 
CONTROL METHODS IN TEA, AND 
AGAINST MOSQUITO BLIGHT 
IN PARTICULAR. 

The problem oi: iu.sect eoutrol is one of considerable antiquit)^ 
To take but one instance, familiar to all, Old Testament history in- 
forms us of damage done by locust swarms in Egypt in the time 
of the Pharaohs. Idiose swarms took place some three to four 
thousand years ago, and might be supposed to have an interest pure- 
ly historical, yet we find that as recently as 191.5 the phenomenon 
was repeated. In Part III of this Journal for 1915 will be found 
a reference to a swarm of the locust Schistocerca peregrina^ one of 
the Egyptian forms, which penetrated as far East as Upper Assam, 
while the following account of a campaign undertaken against this 
same locust and others, which caused great havoc in Northern 
Africa and Asia Minor in the same year (1915), Avill show that 
there has been no lessening of the activity of these pests since the 
time of the Pharaohs. , 

“ The anti-locust campaign organised by the author was 
^‘conducted by a staff of 14 directors, 72 ollicers, 2,000 supervisors, 
“about 11,000 men from the laljour battalions and compulsory 
“levies from the population. In western Anatolia an average of 
“ 450,000 — 500,000 workers were daily employed from March to 
“ May. The Cyprus system of barriers was largely adopted and 
“about 6,000 tons of eggs and 11,000 tons of locusts were col- 
“ lected. Arsenic and Paris green were tried and suitable baits 
“ were sawdust, chopped lucerne, chopped grass and cowdung, salt 
“ being added to all of these. No j^ractical results were obtained 
“ with fungus diseases or bacterial infections. In the plains the 
“losses were reduced from 40 — 50 per cent, to 6 — 10 perlcent' For 
“ 1917, 250 non-comissioned officers and 2,500 men were detailed 
“as instructors and 600,000 metres of zinc barriers and 50 tons of 
“ arsenic and Paris green were ordered.’^ 

The question not unnaturally arises as to what the science of 
economic entomology has been doing all this time. The answer to 
this lies in the fact that until recent years the science of economic 
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cutomology, as such, has been practically non-existent. .It was not 
until a comparatively recent date that it came to be realised that the 
study of entomology, popularly regarded as a hobby of cranks, 
could be of any practical utility, and even since this has come to be 
realised, the innate distrust on tlie part of the practicixl man of 
scientific innovations, on tlie one hand, and a bigoted tendency on 
the part of a certain school of biologists to regard applietl science 
as something vastly inferior to pure science, and the exponents of 
the former as charlatans, on the other hand, have delayed the recog- 
nition to which this branch of science was justly entitled. 

All this is no tv being altered. 

For some time past certain Governments and large corporations 
have maintained entomological stiiff s, and recent discov cries regai ding 
the important part [dayed by insects in regard to diseases of plants, 
animals, and man have awakened a new interest in tliis particular 
branch of research, as is evidenced by a rapidly increasing 
demand for men trained to the work, to meet which educittional 
bodies are now affording increased facilities for the instruction of 
students. At the same time it has to be admitted that the science of 
insect control is as yet in its infancy, and, as is often the csist; in such 
circiuustauceSj more is apt to l)c cxj)e(’tcd of it tlian it Ctin as ^et |Xir- 
form, and its exponents, being exjKicted to produce immediate results 
in the field with an iusufticiency of experimental data at their com- 
mand, are often compell(^l to adojrt liaplia/.ard methods of control 
without being able toou-ry out tlic detailed investigations whicli form 
the necessary groundwork of all real progress. 

This sort of thing results in practice ontstriiij)iug theory, for any 
measure of success attained l)y su(;h methods must be largely due to 
mere good fortune, the result Iceiiig that the operator is led to 
handle weai^ns the pro|»cr use of whicli he does not thoroughly 
understand, with, often, disastrous results. 

The object of this note is to bring prominently before the tea 
industry the present iMjsition with regard to insect control, to discuss 
the merits and demerits of the various methods generally recommen- 
ded, and to point out the lines along which modem research is 
tending to lead us. 
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The methods which have been adopted from time to time in the 
endeavour to control insect pests may be considered under several 
heads. 

1. — The primitive method of collecting the insects when they 
are found to be jit work on the plants. 

2. — The method of destroying the insects by the use of chemi- 
cal substances applied to the plant A\ hen the insects are at work. 

3. — An examination of the life history and habits of the insect, 
followed by attempts to deal with it by collection, cliemicsds, or other 
means, applied at a time when the insect, from the circumstances of 
its habits or life cycle, is particularly vulnerable, though it may be 
doing no actual damage at the time. 

4. — Attempts to use natural control agencies such as predators 
and parasites. 

5. — Attempts to obviate tlie necessity for direct control by breed- 
ing resistant varieties of i)lants. 

6. — Investigations into the causes Avhich render plants liable to 
attack by pests, and attempts to treat them in some manner which 
will render them less liable to sixffer. 

Collection of insects. 

The collection by hand and destruction of insect ]x^sts has 
doubtless l)ecn carried on since agriculture first commenced, and, 
given a sufliciently small area or a sufficiently large labour force, 
can be thoroughly efficient. Within the confines of an allotment 
garden, or in the case of a gregarious insect like the Bunch Cater- 
pillar, which congregates during the day in conspicuous clusters 
on the stems of the plant, when it occurs on a well-laboured garden, 
collection by liand can be successfully carried out. Hand collection 
however, is a tedious and laborious method, and in the case of damage 
on a large scale by insects which are not gregarious, and ^vhich may 
perhaps be minute, becomes impossible. Many machines have been 
devised, ranging from a simple hand-net to large instruments pulled 
by horses, to increase the efficiency of catching operations, some of 
which api^ear to ha^e been efficacious for the particular purpose the 
designer had in view, but all such methods are aimbrous, and diffi- 
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cult of adaptiition to any change in circumstiinces, and possess, as a 
rule, a very low degree of efficiency. Co-oj)eration on tlie |iart of all 
in the affected area, and often an elaborate and expensive organisation, 
are necessary to attain even a small measure of success, and even in 
cases where a permanent stiiff is mainlined to su])ervise tlie work, 
and the agi'iculturists are coitijjellal by legislation to ef)-opcrate, the 
benefit obtained is often hardly commensurate with the time, monev, 
and labour exiiended. So mucli is tliis the case tliatitis l)ut seldom 
that collection Ciin be relied upon as a sole means of control, and in 
large campaigns in which collection is one of the means adopted it 
is generally combined with some otlicr measure such as poisoning by 
bi^its or spraying with insecticides. 

The mere collection of the insects, then, cannot be relied upon 
as a means of control in large scale infestations, though organised 
collection has a certain value if combined witli otlua- methods. Tliere 
are, however, certain circumsfiinces in which liand collection may be 
entirely effective, as iustimced in the case of the allotment garden and 
the Oise of a pest with habits similar to the Bunch Caterpillar. The 
main factors in successful control by hand collection are close obser- 
vation of the plants and the applioition of the method while the pest 
is present in small nurnljers oidy, and, given these, much om be done 
liy this simple method ei'cn on a tea garden. One actual occurrence 
of many which have come to our notice, may be quoted, which will 
show how very well worth while this method may be. On one 
bush, on the edge of a garden jiath, the manager noticed that the 
leaves were being eaten, and ascertained tluit small faggot worms 
were present on the bush. A couple of boys, offered sufficient 
inducement, cleared that and the surrounding bushes from the pest 
in one day, and no sign of the insect has been noticed since. The 
manager had given no thought to the life history of the pest, but, 
from his promptitude in applying a very simple remedy, had averted 
what might have lieen a serious invasion, as every planter acquainted 
with faggot worms will realise, The young insects were probably 
the progeny of one female. The female is wingless, and lays her 
eggs inside the faggot she inhabited as a caterpillar, and dies. The 
faggot containing the eggs had probably fallen into or alongside the 
bash from a bundle of firewood carried by a cooly. The caterpillars 
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travel oi]ly very slowly in the young stages, and, by prompt action, 
all were collected very easily in the restricted area they had invaded. 
Since the migration of the caterpillar is the only means of distribu- 
tion of this pest apart from accidental translocation of faggots 
containing eggs the collection of the insects proved an entirely satis- 
factory measure. 

Many other instances could be cited, but sufficient has been said 
to show that mere hand collection, in sj)ite of its low degree of 
efficiency in general, is a method which can often be applied with 
great success. 

The value of hand collection of the insects in the case of mos- 
quito blight is a matter regarding which there is considerably diversity 
of opinion. From what has been said above regarding the necessity 
for careful observation and prompt action it will readily be realised 
that the results obtained may vary considerably according to the stage 
at which operations are commenced. Cases have been known of a 
definite increase in outturn by this method, but such cases are the 
exception. Catching during the early part of the season has, how- 
ever, a very definite value, if systematically carried out. The rate 
of development of the tea mosquito varies considerably, so much so 
that at the quickest rate at which it can develop it can pass through 
fourteen generations in the year, while the slowest rate of develop- 
ment carries it through four generations in tlie same jieriod. The 
only explanation we can offer for tlie sudden diminution in numbers 
of the insect towards the end of the season is that the bulk of the 
insects then present, as would only be natural, are those which have 
passed through a rapid development, with a consequently decreased 
vitality. These succumb to the unfavourable conditions, while the 
comparative few which have developed slowly survive the cold 
weather and carry on the species. The latter represent the normal 
infestation, the former the abnormal infestation which occurs, as we 
believe, owing to the exceptional conditions of a large and favourable 
food supply, which conditions begin to accrue on the advent of the 
rains. Now it is obvious that the fewer individuals present at the 
beginning of the rains, the later in the season will the rapidly breed- 
ing forms attain to any given number. Moreover, while it is 
hopeless to attempt to keep pace with the rapidly breeding forms by 
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hand catching, there is a certain hope of keeping the insects down 
before rapid development logins to take |)lace to any great extent. 
This being so it is well worth while to collect the insects before the 
time at which the rapid increase in the rate of development commen- 
ces. In this case however, C(pially as in the case of large locust 
campaigns such as is referred to above, adequate organisation and 
efficient supervision are necessary if any measure of success is to be 
attained. It is not sufficient to give a band of children a roving 
commission to collect the insects \vlien the latter have attained such 
numbers as to force their attention on the garden manager as he 
does his daily “ kamjari.” Tlie work should be commenced directly 
new growth begins to appear on the pruned bushes, whether 
punctiu’es have been noticed or not. Each child should be 
given his own lines of bushes, and the garden should be examined 
for insects as systematically as it is traversed b} the jducking women 
during the season. By this means alfected bushes will not l)e missed 
and the small amount of growth on the bushes will render the capture 
of the insects easy. 

Destruction of the insects by the application of chemical 
substances to the bushes during the period of attack. 

The short-comings of the mcthal of hand-collection must have 
become manifest very early in the history of insect control, and since 
in those days the life liistorics and transformations of insects were 
not understood, tlie destruction of the insects jircseiit on tlie plant 
would still be the object desired. To tliis end men’s tlioughts would 
natundly turn to the applic;ili(m of some sul^stauce to the jdant 
which would either destroy or drive away the insect, and this is what 
seems to have actually (x;curred. Moreover, the a))])licatiou of an}' 
substance might naturally be sup{x>scd to be the more effective the 
nastier the substance used, and the early history of liquid appliciitions 
to plants teems with references to mixtures which must have been 
horrid in the extreme, and probably caused much more irritation to 
the operator, in many cises, than to the insect. 

This method of treatment, demanding, as it did, no special 
entomological knowledge, Ijeiuga great saving in labour as compared 
with band catching, and ix)sscssiug a far greater degree of adaijtability 
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to circumstances, grew rapidly In popular favour, and from such small 
beginnings as the application of cow’s urine from a watering can 
(which would naturally do good on account of its manurial value if 
for no other reason) has arisen the present system of spraying, with 
such variations as fumigation, applications of po^\(lers, the use of 
poisoned baits, and tlie like. 

The early investigations on tliese lines naturally consisted in 
an examination of the value of different substances, and, wlien a 
number o£ substances possessing killing j)roi)crties had been discover- 
ed, attentif)!! w-is also turned to the d(‘vising of efficient machinery 
for their application. Great strides liave been made in this brancli 
of tlie subject, so much so that it is now possible for the ex])ert 
to advise \vitli certainty as to tlie type of insecticide whicli will 
])rov(i most effective as a, means of controlling any ])articular 
))est, and s]>raying is now one of tlie most universally accejited 
methods of control. So long as a vast number of substances 
of possible \'alue remained untried, this method of control received 
(and still rc(!eives) a, great measure of attention, but as research has 
increase<l our knowledge of tlie properties of substances formerly 
untested, without, as yet, leading to the discoverv of any sub- 
stance ol: unquestionable merit, and a.s [iractical experience has shown 
that this method, like the last, has serious limitations, the belief of 
many in the value of chemical applications as an ultimate means of in- 
sect control is being shaken. Spra}dng is of undoubted value, in many 
cases, as a palliative, but it now seems certain that this method cannot 
be anticipated to give complete control. Indeed,* many of the stand- 
ard remedies of the present day are amongst the oldest of the sub- 
stances tried. Thus, Avhalc-oil solutions have been in use against scale 
insects since 1802, tobacco decoctions since 1822, lime-sulphur since 
1888, and cojiper solutions since 1807. Arsenicals were first used 
somewhere about 1860. Some of the more modern insecticides 
consist of mixtures of complex organic compounds, and certain of 
them show a remarkable degree of efficiency in certain circumstances, 
but their use is greatly restricted by their high cost. 

There may bo, in practice, such difficulties in the way of spray- 
ing as to render it entirely inqiracticable, and these difficulties are apt 
lo be greater in the I case of perrenial crops than in the case of crops 
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sowia and reaped annually, for in the latter case arrangements can 
generally be made, when planting the crop, which will facilitate 
subseeptent spraying operations. In the case of a perennial crop 
such arrangements can be made at infrequent intervals, when, for 
some reason or other, the area lias to be replanted. Some plants, 
also, can be adai)ted for spraying more conveniently than otliers. 
Thus, hops can be grown, and is grown, in practice, in such a way 
as to render tlie results of spraying dejiendent entirely upon tlie 
efficiency of the spray Iluid used. By planting tlie rows a given 
distance apart, training the vines on trellises which have the laths 
fixed at given angles, and drawing between the lines a spraying 
machine on which the nozzles arc fixed in the aiipropriate places and 
at the appropriate angles, it is possible to ensure that the whole of 
the surface of the hop vine shall bC' covered with sjiray fluid. 

Not all cro))s, however, can be adapted to spraying operations 
so couvenieiitly as this, and tea is a case in point. 

Ill the case of tea there are many jioints to be considered 
before spraying is attempted. The first, one of the most important, 
is the fact tliat tea is grown for the young and tender leaf, and 
not for its fruit, and that the leaf is plucked at intervals wliicli may 
be only several days apart. This puts out of court almost entirely 
all substances which are poisonous to man, .and restricts the choice 
of insecticides very consideraldy. The second is the enormous 
areas, planted in the past, at varying distances apart, iut(‘rsectc<], 
in many cases, witli numerous drains, and shade trees ; containing 
bushes of all sha[K‘s-aud sizes, wliich toucli one another, so that 
passage between them is difficult, for tlurgreater jiart of the season, 
which also are so lieavily clothed with foliage that efficient spraying 
of the inside of the bush is a matter of (‘xtreme difficultv ; and often 
poorly furnished with communicating roads, whose utility is greatly 
circumscribed by the flimsy nature of the liridges. Such circum- 
stances greatly limit tlie vari(;ty of mechanical appliances which can 
bf‘ utilised, so much so that the knapsack type of machine is jiracti- 
cally the only one which can lie used with any degree of etlicieucy. 

Another point is the question of water sujijily. The satisfac- 
tory spraying of 40f) acres of tea would necessitate tlie supph’ of 
40,000 gallons of water. 
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A fourth consideration is the quantity of the labour available. 
Under favourable circumstances one man might carry water for 
two spraying men, who might cover 1 acre in a day. This would 
mean the employment of 120 men per day to spray 400 acres in 
ten days. This number of men would be a considerable drain on 
the labour force of a garden of that acreage, but since it is a 
desideratum in spraying for insects to cover the ground quickly 
there would be a loss in efficiency if the numbers were reduced. 
Again, cooly labour can hardly be relied u))ou to do such work 
thorouglily except under close supervision, which introduces another 
cause of loss in efficiency. 

Anotlier handicap which has to be considered when the 
adoption of a spraying method is advocated is that due to rainfall. 
Tea flushes during the rainy season, and any substance which is 
to stick to the foliage for any length of time must of necessity 
possess adhesive projxirties above tlie average. It may be remarked 
here that the drawbacks due to this cause are less in the case of a 
contact insecticide which must come into contiict Avith the insect 
to kill it, than in the case of a poison insecticide, which is applied 
to the plant to be eaten by the insect. 

All the above causes militate greatly against the complete 
success of spraying operations in tea, but in spite of this there 
are cerfiiin spray fluids \\ hich have a definite value, and certain 
circumstances in wliich spray materials may be used not, be it 
understood, as a means of control, but as a palliative. 

Setting aside the requirements of the mycologist, tliere are 
three solutions wliich can be recommended for use in tea. One 
of these is useful for a variety of purposes, the other two have a 
limited application. 

The first is lime-suli)hur solution. 

This solution is best prepared in the form of a stock solution 
according to the following formula : — 

Quicklime ... 20 lbs. 

Sulphur ... 22 J „ 

Water ... 50 gallons. 
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The lime should be put into a drum and slaked by. adding 
Avater gradually. When it is fully slaked, water to about 30 
gallons should be added, and the whole brought to the boil. 
When it is boiling the sulphur should be added gradually, stirring 
vigorously the while, and boiling water added to make 50 gallons. 
Boil for ail hour longer, keeping the volume at 50 gallons by 
adding boiling water. 

On cooling this gives the stock solution, which may be 
strained if necessary. 

For use on tea ini leaf, or on nursery plants, this solution 
may be diluted to 1 in 8 or 10 with water, and at this strength 
is a useful spray for use against tea aphis, red spider and other 
mites, and, under certain circumstances, tea mosquito, and it also 
possesses a certain value against scale insects and thrips. 

In the cold weather the insecticide may be used at greater 
strengths, and then, in addition to the above, fulfils many of the 
functions of soda washes. At that time of year it may be used 
as strong as one part of stock solution to four of water on high- 
pruned tea, and one part to one of water on low-pruned tea. On 
the latter it ma}^ be applied with a brush or swab. 

The second solution is soda-wash. 


For the preparation of this solution either of the three follow- 
ing formulae may lie used : — 


(1) Caustic Soda (98%) 
Water 

(2) Washing soda 
Quicklime 
Water 

(3) Soda ash 
Quicklime 
Water 


... 2 lbs. 

, 10 gallons. 
. . . 7 lbs. 

... 2 „ 

10 gallons. 
2| lbs. 

.. 2 „ 

.. 10 gallons. 


To make the first solution the caustic soda should be added 
to the water a little at a time with careful stirring. The water 
should not be added to the caustic soda, as great heat will be 
develojxjd. 
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To, make solutiouB (2) and (3) tlie lime is slaked and 
thoroughly mixed with part of the water. The washing soda 
or soda ash is dissolved in the rest of the water, and the two 
solutions mixed. 

The proportion of lime is sometimes increased in practice in 
order that a white coating may be left on the bushes and the work 
more easily checked. 

Soda washes should only be used in the cold weather on old 
hide-bound wood. Used on young wood, tliey make it slow in 
coming away. These solutions soften the bark, thus making it 
less liable to attack by bark -eaters, kill off tlie lichens and mosses 
which shelter saile insects, pupa^ of tlirips, hibernating red spider 
and the like, interfere to a certain extent with termites, and also 
kill many of the insects and mites with which they come into 
contact. Not only so, but buds, which may contain eggs of the 
tea mosquito, are destroyed, and the eggs with them. Strong 
lime- sulphur, as mentioned above, performs many of these 
functions, though not quite to so great a degree, but when once 
the old frames have been properly cleaned by the application of a 
8oda-w<ish, liine-sulphur should be all that is necessary. 

The third solution which lias proved itself of value in tea is a 
proprietory insecticide which was found to be very useful against 
thrips. This insecticide is known as XEX, and is made by a firm at 
Dusseldorf in Switzerland. Lime-sulphur, again, though not so 
efficient, is a good substitute, and possesses the advantage of 
cheapness. 

Many may wonder why, with such a number of different 
insecticides on the market, the number recommended for use in 
tea should be so limited. The reason is not that there are not 
other efficient insecticides, but that there are none other which 
give equal results for the same outlay. Not only so, but the 
efficiency with which insecticides can be applied under the conditions 
obtaining in tea is so low that in practice it becomes the limiting 
fjxctor in the efficiency of the insecticide. It is the numlHU* of 
insects left to carry on which controls the amount of damage done 
after the spray has been applied, and in tea faulty application's 
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the rule, even Avheii the strictest suj:)ervision is exercisecj, as any- 
one ^vho will take the trouble to spray a line o£ tea, and then 
examine the bushes he has spra^^ed, will speedily realise. 

The possibilities attending the use of the two insecticides of 
limited application have been sufficiently , outlined above, and further 
discussion of the {X)ssibilities and limitations of spraying may be 
confined to lime- sulphur. This insecticide acts on copper, and must 
be used iif sjjrayiiig machines made of brass, so tliat the choice of 
machines, wliicli it has been shown al)o\'e is practically limited to 
knapsack sprayers, must be limited still further to knapsack sprayers 
made of brass. Even brass is slowly attacked by the solution 
so that a further essential is that all macliines slioiild be thoroughly 
cleaned after use. Ked spider may be sju’ayed witli a considerable 
degree of efficiency, and since lime-sulpliur, ])roperly applied, 
will kill 100 per cent, of the insects, the results are directly propor- 
tional to the (legTee of thoroughness with which the oj^eration is 
carried out. Tea mosquito is a different proposition. Lime-sulphur 
will kill both adults and young, if it comes ])roperly into contact 
with them when they are in active movement, but owing to their 
high degi’ee of resistance, combined witli their activity, it cannot 
always be relied on, even when carefully applied to tlie bushes. If 
a tea mosquito, adult or young, be covered with the s])ray when at 
rest, it is able to clean it all off and suffer little or no inconvenience. 
The respiratory orifices can Ix^ closed by a strong sphincter muscle, 
and this apparently takes place so rapidly that the insecticide is 
unable to fiike effect. This applies, not only to lime-sulphur, but 
to substances as strong in their action as formalin, and it has been 
found that the youngest stages of the insect can resist a concen- 
tration of formalin solution double that which destroys the flush 
completely. Should the insect, however, 1x3 in flight or in active 
movement when struck by the insecticide, respiration seems to con- 
tinue for a little, and the insect is killed. Young forms of the 
insect may be killed owing to a peculiarity in their habits. When 
the bush is disturbed in any way they run down the stem and take 
slielter at a node. Spraying crejites a considerable disturbance, and 
they make for the nodes. The spray fluid runs off the leaf down 
the stem and collects in a drop at the node, and the young insect is 
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entangled in a drop from winch it amiiot escape owing to the force 
of surface tension, and is killed. Thus, in spraying against tea 
mosquito, it is necessary to soak the bushes thoroughly, and 
it is obvious that the results achieved may vary considerably 
according as the majority of the insects happen to be in the adult 
or young stages at the time tlie spray fluid is applied, Fur- 
ther, the insecticide does not affect the eggs, and subsequent appli- 
cations are necessary, not only to kill some of the insects which 
escaped before, but to kill those which have emerged from egg‘; 
present wdien the spray was previously applied. Lime“sulj)hur 
kills only by contact, so that unharmed insects can still feed on the 
bush with inqumity, and once the fumes which are undoubtedly 
produced have dispersed the insects can feed and oviposit on the 
bushes as before. 

Thus the effectiveness of lime-sulphur, althougli it is known to 
be fatal to the insect, is limited in practice, though it has a distinct 
value as a palliative. Used to soak bushes on winch insects have 
been found early in the season, or, at intervals of not more than 
eight days, on small areas which are affected, it is a practical proposi- 
tion, but large-scale spraying is out of the question. 

Fumigation, again, is but a |>alliative. The choice of gases is 
greatly restricted owing to the greater degree of 8uscej)tibility of the 
plants than of the insects, and the presence of cooly lines liere and 
there on the estate. The activity of the insects enaldes tlie adults 
to fly ahead of the gases as their concentration increases to an 
uncomforUible degree. Fggs cannot be killed by this method. The 
vagaries of the wind render its operation uncertjiin. Fumigation, 
like spraying, is limited in its application, needs to be repeated at 
intervals, and is of value only in exceptional circumstances. • Like 
spraying, it has been tried with good effect, but can hardly be 
recommended for general use on a large scale. 

Attempts at control by taking advantage of some pecu* 
liarity in the life history of the pest^ not necessarily 
at the time when damage is being done. 

As knowledge regarding the peculiarities of insects increased, 
and experience of insect pests accumulated, it began to be realise^ 
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that tlie time at wliidi dainage was heiiig doue was not necessarily 
that at Avhich control could be most efficiently or most economically 
effected. Attention was then directed to investigations into the life 
histories, habits, and peculiarities of insect pests, and this step 
marked a distinct advance in the science of insect control. It led, 
not only to a more efficient application of the empirical methods of 
hand -collection and spraying, but also to the development of new 
methods of still greater value, more particularly methods consisting 
in a modification of agricultural practice to meet the requirements 
of the particular case. Such metliods of insect control have a value 
which can hardly ))e over-estimated. Being based on a knowledge 
of the habits of the insect, and formulated in a logical manner, their 
j)ossibilities and limitations can l)e Jiccurately estimated. Being 
merely modifications of the agricultural practices already in exist- 
ence, they involve the use of weapons which are always at 
hand, and the use of which is tlioroughly understood by the 
agi’iculturists and operators. They can be made a feature of the 
ordinary routine work of an (‘state without any appreciable dis- 
organisation of the necessary cultural work, aiid can thus be used not 
only as means for cure or palliation, but as ])reventive measures, 
which are far more satisfactory. 

Such control metlnxls have already become a matter of routine 
on some tea gardens. Combining the collection of the chrysalides of 
Ciiterpillar jxists with the cold weather forking is a case in point. At 
that time none of the pests are at work on the bushes, but by 
taking advantage of them habit of spending the cold weather in the 
inactive pupal condition just below the surface of the soil it is 
possible, without any disturbance of the ordinary garden operations, 
to destroy enormous numbers and prevent serious attack during the 
following season. In this way the primitive method of hand-col- 
lection is given an increased degree of efficiency. During the pluck- 
ing season, also, since most of the insects pass through several 
generations, there are certain times at which they are in the inactive 
pupal condition in the ground. Such times arc marked by the 
disap] )earance of the full-fed caterpillars from the bushes. The 
regulation of the hoeing or forking cultivation so that affected 
sections receive a hoe at these times tvill result in the destruction of 
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large numjbers of the insects, and reduce the damage done by succeed- 
ing broods. 

Spray fluids can likewise be used more efficiently when the 
habits of the pest are taken into consideration. Ked spider, for 
instance, hibernates, amongst otlier places, in crevices in the bark of 
the bushes. Tire application of strong litne-sulphur, after pruning 
thus, amongst other things, accounts for the death of many of the 
mites which would in the ordinary way be there to commence an 
attack next season. 

Control methods of this type are of such value that in 
some cases the existing agricultural practice exerts a suffi- 
cient control without any special modification teing necessary. This 
occurs in tea in the case of the leaf-eating beetles. A new clear- 
ance will often be found to be riddled by these insects, but after 
the tea has been brought into full cultivation for a year or two they 
will be found to be reduced to a negligible number, the continual 
cultivation having l)rought about tlie destruction of the delicate 
grubs, which live just below the surface of the soil, and feed on the 
roots of surface growing plants. 

Many other means wliicli take iulvantage of some peculiarity 
in the habits of the pest are adopted under different circumstances 
of crop and pest. In general farming, for example, it is sometimes 
])ossible to exert a certain control by a pro[X!r iuljustment of the 
order of rotation of the c arious crops grown on the same area 
in successive years, thereby destroying insects which are selective 
feeders by giving them unsuitiiblc f(jod for a year or two. 
Another method sometimes adopted is to grow a “ catch-crop,” 
that is a crop of some plant which will be attacked by the insects 
and can then be destroyed with the insects on it. The “ extch-crop ” 
used may even be a crop of an early variety of the particular plant 
which is being cultivated. In other aises advanbige is taken of 
the attraction of light or aromatic substances for the insects to 
destroy them in large numbers, a homely instance of the latter 
being familiar to all in the shape of the domestic fly-bottle. 
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Control by Parasites and Predators. 

As time progressed, and the circumstances affecting the bionomics 
o£ insects became known in greater detail, it came to be realised that 
insects are subject to disease, form food for insects of predatory habit, 
and act as hosts to parasites which eventually cause their destruction. 
Further research showed that any particnlar species might have its 
specific parasites, be subject to sjjecific diseases, or form a staple 
article of diet for some particular species of predatory insect, and 
when it was found that certain species which attained the status of 
pests in one country were apparently kept under control by predators 
or parasites in another a revolution in methods of insect control was 
anticipated which, though much has been done in connection 
with the subject since, has, up to the present, been hardly 
realised. At first sight, it may seem a comparatively simple 
proposition to transfer a predator or parasite from one country to 
another, and it may also be supposed that when liberated in a 
situation in wliich it can obtain an abundance of its staple food, it 
must of necessity increase in numbers witli considerable rapid- 
ity, with the result of gnwlually bringing the pest concerned 
under control. Experience has proved, however, that the difficul- 
ties connected with this method of control are enormous. Even 
Avheu the obstacles in the way of successful transportation of the 
p.arasite from one part of the world to the other have been success- 
fully surmounted the difficulties connected with the problem are 
not by any means overcome. It may be that some circumstimce 
connected witli the life-history of the parasite, undiscovered before 
importation, is not fulfilled by the environment to which it has 
been transferred. Climatic conditions may be wrong, shelter and 
shade may not be such as it requires, some plant, the nectar 
of whose flowers is essential to the prolongation of the life of the 
adult sufficiently to allow of oviposition taking place, may be absent, 
or may not flower quite .at the right time. Some indigenous parasite 
may prove to be a far more efficient parasite of the introduced 
piirasite than the latter is of the i)e8t it is desired to control, 
or, under the new conditions, the prasite may take to attacking 
some other insect whose destruction is not being aimed at. Again, 
the life-cycle of the pest may differ sufficiently, at one place, from 
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that of the same species at the other place, to render it unsuitable 
as a host. 

Such arc a few illustrations of the kind of difficulties which 
have to be surmounted in this branch of the work, quoted to show 
that the question of control by the use of natural agencies such 
as predators and parasites opens up a field of enquiry so vast as 
almost to be comparable with the remaining branches of economic 
entomology added together. The very reason for the prosecution 
of these enquiries, namely, the unsatisfactory nature of the other 
methods of insect control, renders it impossible to assist the 
parasites in their struggle against enemies and adverse conditions. 
Hence it is that so little has been heard of the work since it was 
boomed in the press on the realisation of its possibilities some 
years ago. A certain amount has been done. Parasites and 
predators have been introduced and established in some places, and 
are assisting to some extent in the fight^against the particular pest 
concerned, but in the majority of cases, so far, it has been found 
tha,t the proldem of encouraging the parasite in the field is as 
difficult as, if not more so than, that of controlling the pest. Once 
the [)arasitcs have been liberated tliey must be left to Avork out 
their own salvation, for control of the parasite becomes as difficult 
in the one direction as control of the pest in tlie other. The 
question of control of tea pests by such means has received a 
certain amount of attention, and in practice it has been found that 
one }x\st of tea is very effectually controlled by a parasitic fly, this 
pest being the gelatine bug, some eighty per cent of the cocoons 
of Avhich have been found, on occasion, to be parasitised. Red 
spider and tea aj)his are both devoured in enormous numbers 
by various ladybinls and the larvie of lace-Aving flies. Tea mos- 
(juito is preyed upon by spiders and carnivorous insects like the 
praying mantis, but does not seem to form the stiiple food of 
any of them, other insects, especially small flies, being taken Avith 
even greater avidity. A mermithid Avorm has been found to 
parasitise the insect, but noAvhere to a greater extent than tAvo per 
cent, and since it has been found to occur in tea filreadv Avdierever 
tea mosquito is to be found, tliere is no question of introducing 
and establishing it Avhere it does not already exist. Altogether, 
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the prospects o£ this means of control proving of value in tea 
in the near future are far from hopeful. 

Legislation , — This brings us to the end of our discussion of 
the methods which are attem])ted to obUiiii control by means 
calculated to comjjass tlie direct destruction of the insects. There 
remains for discussion a furtlier method, tliat of obviating the 
necessity for their destruction by breeding resistant varieties of 
plants or by attem})ts to treat the plants in such a way as to render 
them immune from attack. Before turning to this brancli of tlie 
sui)ject brief reference may be made to the fact that in most coun- 
tries legislation is now being brought to bear on the matter. Pest 
laws are being enacted, have l)een, in some places, in force for a 
considerable time, ^v]uch are calculated not only to jn’event the 
introduction of pests, or their extension from proviiice to province, 
by strict iusj)Cction of all consignments of iJants, but also to 
increase the efficiency with which the present imperfect control meth- 
ods can l)e carried out by compelling those concerned to take such 
steps as are considered necessary liy experts authorised to command 
action and enforce penalties. Such legislation may be ])ermanent, 
or may l)e enacted tem])orarily as considered necessary by the 
advisory experts, and there is no doubt that under such conditions 
the efficiency with which control can l)e cjlrried out is considerably 
increased, ft can hardly l)e said that such legislation would be of 
benefit to tea so far as entomology is concerned, though collalxjra- 
tion between neighbours might often be of benefit, but a mycologist 
might have a very different tale to tell. 

Resistant Varieties of Plants, 

It has been ffjund, in many inshinces, that certain varieties of 
a particular plant are more subject to attack by a particular insect 
pest than others. This has been taken advantage of in many cases 
with success, and has led to attempts to breed resistant varieties 
where none ])reviously existed. More work has been done on these 
lines in connection with fungus diseases than in connection 
with insect pests, but such a remarkable degree of success 
has been attained in some instances as to cause many to look 
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forward to such methods ^\’ith some degree of confideuce. The 
(juestion of breeding varieties of tea lias so far received little or no 
attention, and the slow rate of propagation of the plant would 
demand many 3^ears of work before any distinction between varieties 
could even be recognised. Differences in liability to attack by 
different insects are, however, noticeable in the field between 
different varieties of tea, and there is no doubt that, giv^^n identical 
conditions, some delicate light-leiived varieties are more liable to 
attack by a pest such as red spider than more hardy dark -leaved 
varieties, and that Cliina varieties may succumb to the attack of an 
insect such as tea mosquito more readily than indigejious sorts. 
There is, however, a tendency for these differences to be exaggerated 
owing to emjihasis by environmental conditions, and since no varie- 
ty of tea has yet been found to breed perfectly true, the degree of 
liability to attack is apt to differ with specimens of the same varietv. 
Present prospects of control in tea lie rather in the direction of 

rendering existing bushes immune than in breeding resistant varie- 
ties. 

Investigation into the causes which render plants liable to 
attack by pests. 

The idea of producing immunity of jilants from insect attack 
Ciinnot be said to be entirely new. Realisation of tlie fact tliat 
different varieties of a given plant sliow differing degrees of riabilitv 
to attack naturally led to a consideration of the ({uestion as to liow 
those differences were brouglit about. For some time it was thought 
that such properties must be intimately connected with the life pro- 
cesses of the ])lant, and bound iq) with the vital forces, inherent in 
living organisms, which are transmitted from generation to genera- 
tion by heredity, but which cjinnot be introduced into organisms in 
which they are not already present. 

Closer observation, however, has shown that not only do 
dijSerent varieties show differing degrees of susceptibility to insect 
athick, and not only do different individuals of a given variety 
likewise differ amougst themselves, but that any given individual 
may differ, from time to time, in the degree to vhich it suffers from 
attack owing to changes in the circumstances of its environment. 
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This latter fact was not discovered for a long time, for the reason 
that such differences were in former days ascribed to variation in the 
number of insects present, and since the absence of the insects at 
the time of making any particular observation could not be taken 
as a criterion long and patient examination of a large number of 
cases Avas necessiiry before the variations could be justifiably as- 
cribed to differences in the ])lant. In the case of certain pests of tea, 
however, as well as in the case of certain pests of a few other 
plants, it has been definitely ascertained that the amount of damage 
being done may be out of all proportion to the number of insects 
present. Such variation can only be ascribed to x'ariation in the 
degi’ee of resishince to athick possessed by the bush. When this 
fact is considered in conjunction with some of the recent work on 
experimental biology by which it lias been shown that many so- 
allied vital phenomena are nothing more nor less than reactions to 
external stimuli, and can lie induced artificially by the a])])lication 
of the requisite stimulus, it is not difficult to realise how the 
thoughtful observer would be led to anticipate the jiossibility of the 
production of immunity in plants by artificial means. 

This is a stage which has at length lieen reached in the study 
of insect control. It is a stage which .marks a distinct advance 
bcN'ond anything \n hich has as yet been suggested for many reasons, 
and it is an aspect of the prol)lem which we desire to inqa'ess upon 
the attention of tlie tea industry, from the possibilities it opens up 
in connection with the control of mostpiito bligiit. The advantages 
of such a means of control may be considered. 

Such a method would afford complete control, so far as crop 
production is concerned. When plants are immune froin attack the 
damage done by the insects is nil 

Such a method involves treatment of the plant, which is a 
fixed organism, and any treatment adopted can not only Ije 
jierfectly controlled, but the results can be accurately estimated. 

Treatment of the plant involves the ajiplication of methods 
wliich can readily comprehended by anj^one connected with 
agriculture, and, once a satisfactory treatment is evolved, the 
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application of the method can be efficiently carried out without 
the necesnity for continual expert outside assistance. 

Lastly, should the method devised involve a repetition of 
treatments at intervals, they are likely to be such as can be incor- 
porated in the ordinary routine work of an estate, and capable of 
being efficiently carried out with a minimum of suj)ervision. 

We feel justified in laying emphasis on this as])ect of the 
problem, although no satisfactory scheme for practical ajjplication 
has yet been formulated, from the encouraging indications of the 
feasibility of such methods of control which have already been 
observed, not oidy on an experimental scjile, but in the field. 

It is not necessary, in this place, to recapitulate the numerous 
observations whicli led to the gradual evolution of this idea. Suffice 
it to say that we have found that differences in the degree of 
resistance to athick aj)f)car to be the rule in the field, not only in tlie 
case of different bushes, but in the case of a given busli under 
different circumstances of environment; that the insects, Avliile they 
flourish on leaf from bushes which show a liigh degree of suscepti- 
bility to attack; are unable, not oixly to flourish, but to maintain the 
vital activities necessary to existence, on leaf from bushes known to 
resist attack ; that these differences in degree of resistance to attack 
are connected with the ])roportion of potash to pliosphoric acid in the 
leaf; that these differences in the composition of the leaf may be 
caused to exist, in bushes planted in the same soil, by differences in 
the system of agricultural practice adopted, and are accompanied by 
corresponding variations in tlie degree of liability to attack; that in 
cases when the bushes are found to be throwing off an attack in the 
field this phenomenon is accompanied by a marked increase in tlie 
proportion of potash as compared with phosplioric acid ; and that 
direct injection of potash into the bush does not only produce 
immunity, but causes bushes which have already succumbed to the 
attack in such degree as to be entirely unproductive to throw off 
the i^est entirely and give copious flushes so long as the supply of 
potash is maintained. 

Thus complete control, in the case of an individual bush, 
can be exerted by this means, a form of control which is effective 
owing to the production in the bush of immunity from attack, 
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The pi*o!)lem of the applicatiou of the method to large-scale 
treatment, however, has been found to be somewhat compliaited, 
and has necessitated a more intensive study of soil problems, and 
their relation to plant behaviour, whicli cannot as yet be considered 
to have advanced beyond the preliminary shiges. At first it was 
thought that the production of resistiince to attack might l)e possible 
l)y the applicatiou of potash in some manurial form to the soil, and 
a slight success obtained in a preliminary exi)eriment gave colour to 
the idea, which, however, was somewhat discounted wlien subse- 
quent experiments showe<l that the same manurial application ])ro- 
duced different results on different soils, in a manner wliicli could 
not be satisfactorily exjdained. It then became evident that more 
than one factor is invol\X‘d, as regards the soil, in connection 
with tlie (juestion of production of conditions favourable to the 
imparting of an increased degi’ec of resistance to attack to the 
bush, and attention has had to be directed towards an enquiry into 
soil conditions in general, and more particularly those which 
appear to influence bushes one way or the otlier as regards their 
degi*ee of lial)ility to attack by the tea mos(juito, an eiKphry 
which is still ])roceeding. 

It has l:)een found, however, that certain bad forms of cultiva- 
tion, such as hoeing in the rain and tliereby puddling the soil, 
defective drainage, pans at different depths, and so on, do influence 
the bushes for the worse, and tlie enormous value of the improved 
methods of tea culture which have been adoj)ted in recent years 
is strikingly shown in the accompanying curve showing the avemge 
outturn per acre, from 1896 to 1919, of gardens in the Duars. 
This curve shows, in no uncertain manner, the bad mosquito years 
which have been experienced from time to tiuie, in 1902, 1908, 
1910-12, 1914, and 1918. It shows more than that, however. 
The curve shows a steady rise since the beginning of this century, 
a time at about which the history of tea shows that interest -was 
beginning to be taken in the development of more scientific methods 
of crop production, as was evidenced, among other things, by 
the appointment of a scientific officer, and tlie inauguration of a 
scientific depai’tment. Since that time this interest has been imin- 
tained, methods of cultivation, etc., have steadily improved, and 
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au increasing efficiency has been in evidence as regards the quality 
of the work done, with the result that, not only has outturn 
increased, but that in a bad mosquito year such as 1914 an outturn 
of more than maunds an acre is obtained as contrasted with a 
a little over maunds in the good year of 1899 . Mosquito 
blight is still considered by some to be as bad as it ever was, and there 
is indeed no doubt of this, but it is obvious that in the Duars as a 
whole this attention to improved methods has resulted in imparting 
to the bushes the jiower to make more growth before succumbing 
entirely to the attack of the pest. 

This result should give confidence in any method based on the 
principle of increasing the resistance of the bush to attack, and it 
also shows that although no immediate benefit may be seen from 
the result of such work, it gradually tells as time goes on. 

Thus, while our manuring experiments with potash gave no 
immediate results in certain cases, we liavc since found that the 
results often begin to show after two or three years. Instances 
are beginning to accumulate, also, of cases in which the continued 
appiiciitiou of potasli to the soil is residtiug in a gradual diminu* 
tiuii of the <legree of liability to attiick. In other cases, where 
defective drainage was belie\'ed to be one of the principal factors, 
attention to this matter is resulting in a gradual lessening of the 
damage done by the pest. All this, taken in conjunction with the 
experimental obserxatious referred to above, goes to show that 
there is a distiiu.'t hope of (effective control by some such means 
as are now being advocated, a hojXJ far greater than is offered by 
any of the methods for control prev iously tried. We arc encou- 
raged in this hope by the fact that, in the ease of crops more 
favourably circumshuiced than tea, complete control has been 
possible by an application of the principles of this method. In 
Africa it has been fouml that wheat becomes more liable to certain 
diseases when grown in a soil containing excessive nitrogen. If, 
iu a crop rotation scheme, the order of cropping be beans, wheat, 
and flax, the wheat suffers from the excess of iiitrogen fixed in 
the soil by the leguminous crop which preceded it. If, however, 
the crop of flax, which takes an enormous quantity of nitrogen 
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from the soil, be grown first, and the wheat after, the latter remains 
comparatively immune from disease. 

Thus we would advocate that planters should experiment a 
little more along these lines of recent development, prepared to 
obtain benefit by slow degrees, rather than that they should 
continue the endeavour to press such methods as spraying, etc., 
l>eyond the limits of winch they are capable. The older methods 
of attacking the insects direct are of undoubted value within 
certain limits, which have been outlined above, but beyond these 
limits it is a better, and a sounder, ])olicy, to follow the more 
up-to-date method of attempting to control the pest by proper 
treatment of the plant, by improving the drainage system of the 
estate, by discrimination in the use of agricultural imidemeuts, and 
by judicious a])plicj\tion of the proper substances to the soil. It 
is not not yet possible to lay down any definite scheme which 
Ciui be guaranteed to result in cerbiin and immediate success over 
large areas, but we feel that much time, labour, and money is 
being expended throughout tea in forlorn attempts to deal with 
tea mosquito on large areas by methods wliich cannot be expected 
to give results commensurate with tlie outlay, and which would be 
much tetter expended in experiment on lines, calculated to increase 
the resistance of the plant to attack. 



